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ABSTRACT
The Water Industry is faced with both enormous future
challenges and new possibilities. This paper provides a
thought-provoking review of the Southeast’s past, present,
and future water supply challenges as summarized below,
and concludes with a discussion of the paradox of water
value.
“How we got here – the historic evolution of global water
management” - The past several 1,000 years of water
infrastructure history will be reviewed from a global
perspective.
“What we are living through – strategies to solve current
water resource challenges” – Current water industry
challenges in the Southeast will be reviewed, including
growth, droughts, and regional and interstate water supply
competition.

infrastructure projects are being implemented to increase
water system reliability, including water distribution system
interconnections between neighboring utility systems and
new or deeper raw water intakes.
How we got here – the Historic Evolution of Global
Water Management
Before addressing potential solutions to the Carolina’s water
supply challenges, it is relevant to review how the water
industry evolved into our current 21st century practices.
The past several thousand years of water industry history
can be consolidated into four distinct stages, as named and
defined by Dr. Vladimir Novotny, CDM Chair Professor in
the Department of Civil and Environmental Engineering at
Northeastern University, and Paul R. Brown, President of
CDM’s Public Service Group (Novotny and Brown 2007).


Stage 1: ―Opportunistic Utilization of Readily
Available Water‖ – People initially obtained water
supply by hand from nearby surface water and
shallow groundwater sources. Streets were used as
the primary means for directing both stormwater
flows and disposing of human waste. This practice
can still be found in impoverished areas
surrounding many of the world’s largest cities.



Stage 2 – ―Engineered Storage and Conveyance‖ The second stage of water industry development
was the engineered construction of water storage
and drainage facilities designed to convey water
long distances. These engineering approaches
were well-developed in Roman times (e.g., Roman
aqueducts) and earlier.



Stage 3 – ―Addition of Water Treatment
Technologies‖ – The next stage introduced water
treatment of both source water supplies and
wastewater discharges, driven by water quality
degradation that resulted from industrialization in
the nineteenth and twentieth centuries. These
treatment technologies dramatically improved
health and water quality.

“What lies on the horizon – evolving strategies to manage
future water resource challenges” – While much of the
future is uncertain, we can count on there being more
people, more water demand, more droughts, more water
supply limitations and competition, more regulations, and
more funding needed. Future water supply challenges and
potential solutions discussed.
INTRODUCTION
In the not too distant past, the Carolina’s water resources
were considered to be abundant, and competition for water
supply was a concern for the distant future. Many of us
remember when we watered our lush lawns every summer
day, when the Coastal Plain aquifers seemed unlimited, and
when our reservoirs were overflowing. The term ―water
supply crisis‖ might have been relevant in the western U.S.,
but certainly not in our states. Drought conditions in the
late 1990s and in this first decade of the 21st century have
changed this perception. Record low lake and reservoir
levels have been experienced in the Upstate and the
Midlands, and groundwater supplies have declined in the
low country. Most water systems across the region have
implemented water restrictions, and water conservation has
become an integral water management strategy. New



Stage 4 – ―Non-Point Source Pollution Control‖ The fourth stage, which is in progress,
encompasses efforts to reduce and control
stormwater runoff pollutants.

Over the course of the several thousand years, the water
industry has successfully designed urban water systems that
provide a reliable water supply for human and commercial
needs, and carry away our wastes for subsequent treatment
and disposal. Novotny and Brown suggest that the fifth
paradigm will encompass a total hydrologic water and mass
balance where water supply, stormwater, and wastewater
will be managed together in a closed loop (Novotny and
Brown 2007). The beginnings of new stage can already be
detected in the Carolinas, with basin-wide and integrated
water resource planning and management efforts underway
by the states and multiple municipalities.
What we are living through – strategies to solve current
water resource challenges Before addressing future water
industry trends, it is prudent to pause to reflect on current
water resource challenges and today’s solutions that can be
replicated in the future. The word is out—the Carolinas are
a great place to live—and 4.5 million new residents will be
joining us in the next 30 years. The benefits of growth
include new industries and jobs to fuel our economy.
Growth also brings challenges, including the need to expand
and maintain the state’s infrastructure to support our
increased
population base
Water will become an increasingly
while protecting
valuable commodity in the future
and preserving
and proper management of water
the
resources will become increasingly
environment.
complex.
Our drinking
water industry is
faced with
increased water demand that will tax our existing water
supply, treatment, and distribution facilities. Water will
become an increasingly valuable commodity in the future
and proper management of water resources will become
increasingly complex. In addition to the increased demand
for water, our industry faces the challenges of aging
infrastructure, increased federal regulations, decreased
federal funding, and a declining workforce. Concurrent
with our region’s explosive growth, we have experienced
several severe and extended droughts in the past 10-years
that have underscored the limitations and vulnerability of
our water supplies.
As is the case with our national energy challenge, there is
not a single solution to the Carolinas’ current and future
water supply challenges. Rather, sustainable solutions will
typically encompass integrated programs combining
multiple water source and water management strategies. A
listing of several alternative strategies is presented in Table
1. This table is followed by three case studies describing

Table 1 – Water Source Alternatives and Water
Management Strategies

Water Source
Alternatives
Surface Water – Direct
River Withdrawal
Surface Water – On-Stream
Reservoirs
Surface Water – PumpedStorage Reservoirs
Groundwater
Brackish Water
Sea Water

Water Management
Strategies
Water Conservation
Water Loss Reduction/Leak
Detection
Reclaimed Water
Aquifer Storage and
Recovery (ASR)
Water Supply
Interconnections
Regionalization
Water Rate Structure
Modifications
Integrated Water Resource
Planning

how three municipalities (Greensboro, NC; Los Angeles,
CA; and Rio Rancho, NM) are successfully implementing
innovative solutions to meet their immediate and long-term
water supply challenges.
Water Demand Management Case Study – City of
Greensboro, North Carolina
The City of Greensboro is located at the upper reaches of
the Cape Fear River basin and depends upon three surface
water supply sources: Lake Townsend, Lake Brandt, and
Lake Higgins. When full, these three water reservoirs can
store eight billion gallons of water. Water from Lake
Brandt and Lake Higgins is treated at the Mitchell Water
Treatment Plant and water from Lake Townsend is treated
at the Townsend Water Treatment Plant.
As recent as 10-years ago (late 1990s), both the public
and prior City of Greensboro leadership perceived water
to be in ample supply. Citizens routinely watered lawns
daily, taking advantage of a declining block water rate
structure that rewarded high volume water use. There
was little or no discussion of water supply vulnerability,
and capital investment in the water system were minimal.
Drought conditions that prevailed across much of North
Carolina during 1998–2002 challenged this paradigm.
The City’s Water Resources Director began
implementation of a series of water supply and
management strategies that have both increased water
supply reliability and reduced the rate of water demand
growth. These measures have included water
conservation, mandatory water restrictions, adoption of a
new tiered water rate structure, construction of a new

interconnection with a neighboring utility, and
development of a new emergency water supply source.
When Greensboro’s usable reservoir storage dropped to
125 days in June 2002, the City implemented Stage IIB Level II Warning mandatory water restrictions. Under
these restrictions, lawn watering with sprinklers or
irrigation systems, car washing, and several other outdoor
water uses were banned. Residential and non-residential
penalties for repeated offenses were $200 and $1,000,
respectively. The City also expedited construction of 9miles of 30-inch water main to build an interconnection
with the City of Reidsville. This new connection provides
the City up to 5 mgd of additional supply during extended
drought conditions. The combined effect of the water
restrictions and purchases from the Reidsville
interconnection allowed the City to maintain its water
storage reserves at 50 percent of capacity. As shown on
Figure 1, storage levels were projected to drop
precariously to 22 percent of capacity if these measures
had not been taken.

The city of Los Angeles is facing a number of challenges.
These include a growing population, an aging infrastructure,
pollution of beaches and waterways, a shortage of parks and
open space, a dependence on imported water, and a shortage
of available funding. These challenges require bold
solutions for the water, wastewater, stormwater, and
recycled water programs. As a result, the city of Los
Angeles has embarked on a unique integrated resources plan
(IRP) approach that recognizes the complex relationships
existing among all of the city’s water resources activities
and functions. The IRP will focus on eight guiding
principles that are aimed at efficient use of the Los Angeles
water resources and protection of the watersheds water
quality (see Table 2). ―By using this integrated approach,
the city will have a framework for a sustainable future for
the Los Angeles basin, one where there are sufficient
wastewater services, adequate water supply, and proper and
proactive protection and restoration of the environment,‖
explained Adel Hagekhalil, division manager of the
Wastewater Engineering Services Division of the Bureau of
Sanitation.

The City has also achieved success in adopting a new
tiered water rate structure designed to reduce customer
water consumption. In 1998, the City had a declining
block rate structure that benefited large water users,
including a 56% rate reduction for customers using more
than 7,500 gallons per day. In 2001, an increasing block
rate structure was put in place to encourage City
customers to increase water conservation. This new rate
structure, combined with sustained yearly rate increases
averaging nearly 10 percent this decade, have resulted in a
22 percent reduction in average residential water between
1998 and 2007.

Once the IRP is completed, each city department—
wastewater, water, and stormwater—will move forward in
implementing their programs, continuing the internal
communication and coordination established during the IRP
process. Pushing beyond its initial focus of wastewater
facilities planning, the IRP now encompasses a much more
comprehensive vision of revitalizing the Los Angeles River
watershed, protecting coastal water quality, and using water
resources efficiently throughout the city and county. All
these actions provide the foundation for a more livable,
economically vibrant, and environmentally healthy Los
Angeles.

Figure 1
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Table 2
Los Angeles Integrated Resources Plan—Guiding Principles
 Producing and using as much recycled water as
possible from the existing and planned facilities
 Building new wastewater facilities ―upstream‖ in the
system
 Reducing the amount of rainfall-dependent inflow and
infiltration
 Increasing the level of water conservation beyond what
is currently planned
 Increasing the amount of dry weather urban runoff that
is diverted and treated or captured and beneficially
used
 Increasing the amount of wet weather urban runoff that
is captured and beneficially used
 Beneficially reusing biosolids
 Focusing on lower-cost solutions within the
framework of the policy elements

Water Reuse and Aquifer Storage and Recovery – Rio
Rancho, New Mexico
Located in a high desert region directly north of
Albuquerque, Rio Rancho is the fastest growing city in New
Mexico. To accommodate the rapid population boom—one
of the largest in the country—this southwestern city is
developing strategies to optimize its limited and highly
valued water resources. A key component of this emerging
long-term strategy is reuse of highly treated wastewater. To
provide high-quality water for irrigation and to pave the way
for future indirect potable reuse initiatives, the city selected
membrane bioreactor (MBR) technology for its two newest
wastewater treatment facilities. Recently completed, these
MBR plants are two of the first facilities in the state to
use this emerging technology, and among the first in the
southwestern United States. Built by a CDM design-build
team, both plants were completed in just 16 months.
City officials in Rio Rancho, one of the first cities in New
Mexico to implement non-potable reuse for golf course
irrigation nearly 20 years ago, are of the same mindset as
many managers of southwestern communities with limited
water resources. They consider the reuse of treated
wastewater a critical component of their current and longterm water supply. Because MBRs produce high-quality
reclaimed water suitable for irrigating all types of public
areas, this technology is an attractive option for high-growth
cities looking to benefit from water reuse. The activated
sludge-based process, combined with microfiltration or
ultrafiltration, does not require final clarification, resulting
in more compact facilities. The technology also meets New
Mexico’s nutrient standards for discharge to the ground,
because its biological processes are configured to achieve
efficient nitrogen removal. The highly treated reclaimed
water from both plants will also be used to irrigate the
subdivisions’ green spaces, helping to reduce Rio Rancho’s
dependence on new water for non-potable needs.
Longer term plans include adding reverse osmosis to the
facilities, with direct injection into the city’s groundwater
supply aquifer—functioning as an aquifer storage and
recovery (ASR) system. This form of indirect potable reuse
will provide return flow credits to the city, thereby allowing
additional drinking water to be pumped from the aquifer.
―In addition to ASR, coupling reverse osmosis with our new
MBR plants will give us a nearly unrestricted range of other
reuse options, including supplying high-quality water to
existing and new high-tech industries,‖ said Larry Webb,
Rio Rancho’s water utilities system manager. ―Combined
with our nonpotable reuse programs, we will eventually
maximize the beneficial use of our entire effluent resources,
fully eliminating the need to discharge into the Rio Grande
River.‖

What Lies on the Horizon? - Evolving Strategies to
Manage Future Water Resource Challenges
The three case studies highlight innovative approaches
successfully implemented to overcome water supply
limitations and provide for future to water supply reliability.
Each of the three water supply solutions encompass multiple
are each unique water supply and management strategies
that are tailored to their communities’ specific resources and
needs. Greensboro’s leadership in water demand
management, Los Angeles comprehensive integrated water
resources planning, and Rio Rancho’s water reuse and ASR
program provide models that may benefit other communities
as they chart their unique course to managing water supply
in these turbulent times marked by concurrent growth and
an increasing frequency of sustained drought events.
While much of the future is uncertain, we can count on there
being more people, more water demand, more droughts,
more water supply limitations and competition, more
regulations, and more funding needed. Given our current
and future water supply challenges, coupled with a growing
public interest, integration of our valuable water,
wastewater, and stormwater resources is a process that
merits serious consideration. Integrated resource planning
(IRP) is the next evolution of water supply planning in the
Carolinas, leveraging a unique approach of technical
integration and community involvement to guide policy
decisions and water supply planning.
Meeting the Carolina’s future drinking water challenges will
require the investment of financial, political, and personal
capital. As our water infrastructure continues to age, federal
funding assistance is expected to continue to decrease. This
trend will boost the importance of local funding of
infrastructure improvements, supported by local water rate
increases. It
is essential
Integrated resource planning (IRP) is
that we
the next evolution of water supply
heighten our
planning, leveraging a unique
industry’s
approach of technical integration and
visibility with
community involvement to guide policy
both the
decisions and water supply planning.
public and
elected
officials, and educate them on the value of water and the
need for ongoing infrastructure investment. Finally, we
must share our passion for water with students and teachers
to encourage the next generation to consider rewarding
careers that will help find solutions to our future water
challenges.
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